Introduction to this special section:
Multiples from attenuation to imaging M ultiples are events in the seismic record that have undergone more than one reflection. They cannot be imaged the same way as primary reflections, and consequently, they are often treated as "unwanted" events. Elimination of multiples is an integral part of the conventional imaging workflow. Significant effort is spent to attenuate these "unwanted" events, with mixed results in practice. In recent years, The Leading Edge has dedicated three special sections to multiple elimination (1999, 2005, and 2011) . Those editions detail the evolution of theory and applications of multiple removal. On the other hand, imaging of multiple reflections has seen much less attention and has been limited to a few academic groups. This special section highlights several challenges in imaging with multiples. We review the handling of multiples from attenuation to imaging while we focus on new strategies that use multiples for enhanced imaging.
In principle, multiples can be transformed inematically into primary reflections by data crosscorrelation. This concept is the foundation of seismic interferometry (Wapenaar et al., 2010) . The synthetized data can be treated as having been acquired from "virtual" sources at the surface (Claerbout, 1968) and consequently can be imaged as primaries. Another alternative is to migrate the seismic records by propagating upgoing and downgoing wavefields for direct imaging of the data (Berkhout and Verschuur, 1994) . This approach is independent of the extrapolation operator, which can be based on one-way or two-way solutions to the wave equation. Both methods diverge from the conventional approach of removing multiples and aim at using the sea-surface reflected energy to improve illumination of the subsurface.
In this special section, we bring together 11 articles focused mainly on the imaging of multiple reflections. In a tutorial article, Verschuur and Berkhout describe the current state of multiple technologies and raise the question of whether we should still aim at improving our multiple-removal methods or spend all our efforts on the use of multiples in imaging. For the first alternative, Kostov et al. discuss an example of an improved multiple-removal solution. They illustrate that a combination of wavefield extrapolation and 3D SRME on multimeasurement data can improve the image in shallow-water environments. The remaining articles in this special section answer the second alternative, i.e., imaging the multiples. They describe the use of multiples to compliment the imaging of primaries by using new and advanced processing and acquisition solutions.
Lu et al. illustrate the uplift from using sea-surface reflected energy in an article that showcases various applications of imaging with separated wavefields from dual-sensor towed-streamer surveys. The article highlights the processing and acquisition requirements that enable considerable uplift from multiple reflections when the image from primaries is incomplete. In another case-studies article, Yang et al. propose a modification to the standard reverse time migration (RTM) algorithm to enable correct imaging between the primary wavefield and the first-order multiple wavefield. They Weglein offers an insightful discussion on how multiples can be useful for improving imaging by providing an approximate image of an unrecorded primary that is a subevent of the multiple. Ma and Zou show that the image of that subevent can be used to augment and enhance subsurface imaging when there is inadequate or insufficient acquisition of primaries.
Van der Neut et al. present an innovative iterative scheme derived from the multidimensional Marchenko equation to untangle the upgoing and downgoing wavefields at the focal point. With this approach, both primary reflections and internal multiples contribute to the construction of the image.
The last article, by Lecerf et al., focuses on the use of primaries and multiples for permanent reservoir monitoring (PRM). This is a promising application as the 4D friendliness of the image from multiples is demonstrated. The authors discuss how the methodology offers numerous advantages over conventional seabed data processing, e.g., extending target illumination, improving source repeatability, and providing an overall optimal processing sequence with shorter turnaround times.
In summary, the use of multiples for imaging seems to be the path forward, particularly when the image from primaries is incomplete. Imaging with multiples has several advantages, as demonstrated on towed-streamer surveys, VSP experiments, and OBC data. As these articles highlight, there are also some remaining challenges. As those continue to be addressed, we expect the use of multiples to play a bigger role in seismic imaging and to have an even greater impact on acquisition designs of future seismic surveys.
